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CLAIM SHEET AS ORIGINALLY FILED WITH THE USPTO 



PATENT 

Attorney Docket No.: WGEC/0012 
Express Mail No.: EV335476368 

What Is Claimed Is: 

1. A method for attenuating water layer multiples from a gather of seismic data 
traces, comprising: 

predicting a plurality of receiver side water layer multiples in the gather of 
seismic data traces using a convolutional operator derived from a water layer model; 

adaptively subtracting the receiver side water layer multiples from the gather 
of seismic data traces; 

predicting a plurality of source side water layer multiples using the 
convolutional operator derived from the water layer model; and 

adaptively subtracting the receiver side water layer multiples and the source 
side water layer multiples from the gather of seismic data traces to generate a 
plurality of primaries in the gather of seismic data traces. 

2. The method of claim 1 , wherein predicting the plurality of receiver side water 
layer multiples comprises: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces from the t-x domain to a tau-p 
domain; and 

convolving the gather of seismic data traces with a convolutional operator to 
predict the receiver side water layer multiples. 

3. The method of claim 2, wherein predicting the source side water layer 
multiples comprises: 

removing a water bottom primary from the gather of seismic data traces; and 
convolving the convolutional operator with the gather of seismic data traces 
after the receiver side water layer multiples have been adaptively subtracted from 
the gather of seismic data traces and after the water bottom primary has been 
removed from the gather of seismic data traces to predict the source side water 
layer multiples. 
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FIRST PRELIMINARY AMENDMENT AS FILED WITH THE 
USPTO ON 08 SEPTEMBER 2003 




PATENT 

Atty. DM. 594-25598/WGEC/0012 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Ian Moore 

Serial No.: 10/644,565 

Filed: August 15, 2003 

Confirmation No.: Unknown 

For: Method For Attenuating 
Water Layer Multiples 



§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 



Group Art Unit: Unknown 
Examiner: Unknown 



MAIL STOP NON-FEE AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 



CERTIFICATE OF MAILING 
37CFR1.8 

I hereby certify that this correspondence is being deposited on 
September 8, 2003 with the United States Postal Service as 
First Class Mail in an envelope addressed to: Commissioner 
for Patents, P.O. Box 1450 Alexandria, VA 22313-1450. 



September 8,20Q3 
Date 



Mexandria, VA 22313-145C 



Signature 



PRELIMINARY AMENDMENT 

Prior to examination, please enter the amendments to the claims made herein. 
The amendments to the claims are reflected in the listing of claims which begins on 
page 2 of this paper. Remarks/Arguments begin on page 7 of this paper. 
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In the Claims: 

Please cancel claims 18-20 without prejudice, add new claims 21-23 and amend 
the rest of the claims as follows: 

1. (Currently Amended) A method for attenuating water layer multiples from a 
gather of seismic data traces, comprising: 

a pplying a convolutional operator to the gather of seismic data traces to predict 
predicting a plurality of receiver side water layer multiples contained in the gather of 
seismic data traces using a convolut i onal operator dorivod from a wator l ayor model ; 

adaptively subtracting the receiver side water layer multiples from the gather of 
seismic data traces to generate a modified version of the gather of seismic data traces : 

removing a water bottom primary from the modified version of the gather of 
seismic data traces to create a second modified version of the gather of seismic data 
traces: 

applying the convolutional operator to the second modified version of the gather 
of seismic data traces to predict p r e dictin g a plurality of source side water layer 
multiples contained in the gather of seismic data trace s using tho convolutional oporator 
dor i vod from the wator layor mode l ; and 

adaptively subtracting the receiver side water layer multiples and the source side 
water layer multiples from the gather of seismic data traces to generate a plurality of 
primaries contained in the gather of seismic data traces. 

2. (Currently Amended) The method of claim 1, wherein applying the 
convolutional operator to the gather of seismic data traces to predict predicting the 
plurality of receiver side water layer multiples comprises: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces from the t-x domain to a tau-p 
domain; and 

convolving the gather of seismic data traces with a the convolutional operator to 
predict the receiver side water layer multiples. 
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3. (Currently Amended) The method of claim f2 1 1. wherein aPDlvina the 
convolutional operator to the second modified version of the gather of seismic data 
traces to predict pr e dict i ng the source side water layer multiples comprises: 

removing a wator bottom primary from tho gather of soismio data traces; and 

convolving the convolutional operator with the second modified version of the 
gather of seismic data traces aft o r tho r o coivor s i do wator layor multip l es havo boon 
adaptivo l y oubtractod from tho gather of soismic data traces and aftor tho wator bottom 
primary has boon removed from tho gather of ooismio data traoos t o predict the source 
side water layer multiples. 

4. (Original) The method of claim 2, wherein the gather of seismic data traces is 
transformed to the tau-p domain using a linear Radon transform. 

5. (Currently Amended) The method of claim [3] 2, further comprising wherein 
adaotivelv subtracting the receiver side water laver multiples and the source side water 
laver multiples from the gather of seismic data traces comprises : 

adding the receiver side water layer multiples to the source side water layer 
multiples: and 

transforming the sum of the receiver side water layer multiples and the source 
side water layer multiples from the tau-p domain to the t-x domain. 

6. (Currently Amended) The method of claim 5, wherein adaptively subtracting 
the receiver side water layer multiples and the source side water layer multiples from 
the gather of seismic data traces comprises adaptively subtracting the sum of the 
receiver side water layer multiples and the source side water layer multiples in the t-x 
domain to generate the primaries contained in the gather of seismic data traces in the t- 
x domain. 

7. (Currently Amended) The method of claim [3] I, wherein removing the 
water bottom primary comprises replacing each amplitude associated with the water 
bottom primary with zero. 
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8. (Currently Amended) The method of claim [3] 5, wherein the sum of the 
receiver side water layer multiples and the source side water layer multiples is 
transformed to the t-x domain using an inverse linear Radon transform. 

9. (Original) The method of claim 1, wherein the convolutions operator is 
computed using a zero offset two-way travel time in a water layer and a reflectivity at a 
water bottom estimated from the water layer model. 

10. (Original) The method of claim 9, wherein the convolutional operator is the 
estimated value of the water bottom reflectivity shifted in time by the estimated value of 
the travel time in the water layer in the tau-p domain. 

1 1 . (Currently Amended) A method for attenuating water layer multiples from a 
gather of seismic data traces, comprising: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces from the t-x domain to a tau-p 
domain; 

convolving the gather of seismic data traces with a convolutional operator to 
predict a first set of water layer multiples contained in the gather of the seismic data 
traces; 

adaptively subtracting the first set of water layer multiples from the gather of 
seismic data traces; 

removing a water bottom primary from the gather of seismic data traces; 

convolving the convolutional operator with the gather of seismic data traces after 
the first set of water layer multiples has been adaptively subtracted from the seismic 
data traces and after the water bottom primary has been removed from the gather of 
seismic data traces to predict a second set of water layer multiples contained in the 
gather of seismic data traces; 

adding the first set of water layer multiples to the second set of water layer 

multiples; 

transforming the sum of the first set of water layer multiples and the second set 
of water layer multiples from the tau-p domain to the t-x domain; and 
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adaptively subtracting the transformed sum of the first set of water layer multiples 
and the second set of water layer multiples from the gather of seismic data traces in the 
t-x domain to generate a plurality of primaries contained in the gather of seismic data 
traces. 

12. (Currently Amended) . The method of claim 11, wherein the first set of water 
layer multiples comprises one or more receiver side water layer multiples. 

13. (Currently Amended) The method of claim 11 wherein the second set of 
water layer multiples comprises one or more source side water layer multiples. 

14. (Currently Amended) The method of claim 11, wherein removing the water 
bottom primary comprises replacing each amplitude associated with the water bottom 
primary with zero. 

15. (Currently Amended) The method of claim 11, wherein the plurality of 
seismic data traces is transformed to the tau-p domain using a linear Radon transform. 

16. (Currently Amended) The method of claim 11, wherein the convolutions 
operator is derived from a water layer model. 

17. (Currently Amended) The method of claim 11, wherein the convolutional 
operator is derived from a zero offset two-way travel time in the water layer and 
reflectivity at a water bottom estimated from a water layer model. 

18. (Cancelled) 

19. (Cancelled) 

20. (Cancelled) 

21. (New) The method of claim 1, wherein the convolutional operator is derived from 
a water layer model. 
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22. (New) The method of claim 17, wherein the convolutional operator is the 
estimated value of the water bottom reflectivity shifted in time by the estimated value of 
the travel time in the water layer in the tau-p domain. 

23. (New) A method for attenuating water layer multiples from a gather of seismic 
data traces, comprising: 

forming the gather of seismic data traces in a t-x domain; 

transforming the gather of seismic data traces to a tau-p domain; 

applying a convolutional operator to the gather of seismic data traces to predict a 
plurality of receiver side water layer multiples contained in the gather of seismic data 
traces; 

adaptively subtracting the receiver side water layer multiples from the gather of 
seismic data traces to generate a modified version of the gather of seismic data traces; 

removing a water bottom primary from the modified version of the gather of 
seismic data traces to create a second modified version of the gather of seismic data 
traces; 

applying the convolutional operator to the second modified version of the gather 
of seismic data traces to predict a plurality of source side water layer multiples 
contained in the gather of seismic data traces; 

adding the receiver side water layer multiples to the source side water layer 
multiples; 

transforming the sum of the receiver side water layer multiples and the source 
side water layer multiples from the tau-p domain to a t-x domain; and 

adaptively subtracting the receiver side water layer multiples and the source side 
water layer multiples from the gather of seismic data traces to generate a plurality of 
primaries contained in the gather of seismic data traces. 
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REMARKS 

Applicant requests that the Examiner enter the amendment prior to examining 
the above identified application. Claims 18-20 have been cancelled without prejudice. 
Claims 1-3, 5-8 and 11-17 have been amended and new claims 21-23 have been added 
to more clearly recite various aspects of the invention. No new matter has been 
introduced by the amendments and the new claims presented herein. The amendments 
and the new claims have been made in a good faith effort to advance the prosecution 
on the merits. 



Respectfully submitted, 

Ari Pramudji 
Registration No. 45,022 
Moser, Patterson & Sheridan, L.L.P. 
3040 Post Oak Blvd. Suite 1500 
Houston, TX 77056 
Telephone: (713)623-4844 
Facsimile: (713)623-4846 
Attorney(s) for Applicant 
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SECOND PRELIMINARY AMENDMENT AS FILED WITH 
THE USPTO ON 22 JULY 2004 



PATENT 

Atty. DM. 594-255967WGEC/0012 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Ian Moore 

Serial No.: 10/644,565 

Filed: August 1 5, 2003 

Confirmation No.: 6947 

For: Method For Attenuating 
Water Layer Multiples 



§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 



Group Art Unit: 2862 
Examiner: V. Taylor 



MAIL STOP NON-FEE AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Dear Sir: 



CERTIFICATE OF FACSIMILE 
TRANSMISSION UNDER 37 CFR 1.8 
I hereby certify that this correspondence and the documents referred 
to as attached therein are being facsimile transmitted to the U.S. 
Patent and Trademark Office to the fax number indicated by the 
Examiner, namely, fax number 571-273-2281 to the attention of the 
named Examiner, on the date I 




SECOND PRELIMINARY AMENDMENT 

Prior to examination, please enter amendments to the claims made herein. The 
amendments to the claims are reflected in the listing of claims which begins on page 2 
of this paper. Remarks/Arguments begin on page 7 of this paper. 
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In the Claims: 

Please amend the claims as follows: 

1 . (Previously Amended) A method for attenuating water layer multiples from a 
gather of seismic data traces, comprising: 

applying a convolutional operator to the gather of seismic data traces to predict a 
plurality of receiver side water layer multiples contained in the gather of seismic data 
traces; 

adaptively subtracting the receiver side water layer multiples from the gather of 
seismic data traces to generate a modified version of the gather of seismic data traces; 

removing a water bottom primary from the modified version of the gather of 
seismic data traces to create a second modified version of the gather of seismic data 
traces; 

applying the convolutional operator to the second modified version of the gather 
of seismic data traces to predict a plurality of source side water layer multiples 
contained in the gather of seismic data traces; and 

adaptively subtracting the receiver side water layer multiples and the source side 
water layer multiples from the gather of seismic data traces to generate a plurality of 
primaries contained in the gather of seismic data traces. 

2. (Previously Amended) The method of claim 1, wherein applying the 
convolutional operator to the gather of seismic data traces to predict the plurality of 
receiver side water layer multiples comprises: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces from the t-x domain to a tau-p 
domain; and 

convolving the gather of seismic data traces with the convolutional operator to 
predict the receiver side water layer multiples. 
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3. (Previously Amended) The method of claim 1, wherein applying the 
convolutional operator to the second modified version of the gather of seismic data 
traces to predict the source side water layer multiples comprises: 

convolving the convolutional operator with the second modified version of the 
gather of seismic data traces to predict the source side water layer multiples. 

4. (Original) The method of claim 2, wherein the gather of seismic data traces is 
transformed to the tau-p domain using a linear Radon transform. 

5. (Currently Amended) The method of claim [2] 1, wherein adaptively 
subtracting the receiver side water layer multiples and the source side water layer 
multiples from the gather of seismic data traces comprises: 

adding the receiver side water layer multiples to the source side water layer 
multiples; and 

transforming the sum of the receiver side water layer multiples and the source 
side water layer multiples from the tau-p domain to the t-x domain. 

6. (Previously Amended) The method of claim 5, wherein adaptively subtracting 
the receiver side water layer multiples and the source side water layer multiples from 
the gather of seismic data traces comprises adaptively subtracting the sum of the 
receiver side water layer multiples and the source side water layer multiples in the t-x 
domain to generate the primaries contained in the gather of seismic data traces in the t- 
x domain. 

7. (Previously Amended) The method of claim 1 , wherein removing the water 
bottom primary comprises replacing each amplitude associated with the water bottom 
primary with zero. 

8. (Previously Amended) The method of claim 5, wherein the sum of the 
receiver side water layer multiples and the source side water layer multiples is 
transformed to the t-x domain using an inverse linear Radon transform. 
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9. (Original) The method of claim 1, wherein the convolutional operator is 
computed using a zero offset two-way travel time in a water layer and a reflectivity at a 
water bottom estimated from the water layer model. 

10. (Original) The method of claim 9, wherein the convolutional operator is the 
estimated value of the water bottom reflectivity shifted in time by the estimated value of 
the travel time in the water layer in the tau-p domain. 

1 1 . (Previously Amended) A method for attenuating water layer multiples from a 
gather of seismic data traces, comprising: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces from the t-x domain to a tau-p 
domain; 

convolving the gather of seismic data traces with a convolutional operator to 
predict a first set of water layer multiples contained in the gather of the seismic data 
traces; 

adaptively subtracting the first set of water layer multiples from the gather of 
seismic data traces; 

removing a water bottom primary from the gather of seismic data traces; 

convolving the convolutional operator with the gather of seismic data traces after 
the first set of water layer multiples has been adaptively subtracted from the seismic 
data traces and after the water bottom primary has been removed from the gather of 
seismic data traces to predict a second set of water layer multiples contained in the 
gather of seismic data traces; 

adding the first set of water layer multiples to the second set of water layer 
multiples; 

transforming the sum of the first set of water layer multiples and the second set 
of water layer multiples from the tau-p domain to the t-x domain; and 

adaptively subtracting the transformed sum of the first set of water layer 
multiples and the second set of water layer multiples from the gather of seismic data 
traces in the t-x domain to generate a plurality of primaries contained in the gather of 
seismic data traces. 
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1 2. (Previously Amended) The method of claim 1 1 , wherein the first set of water 
layer multiples comprises one or more receiver side water layer multiples. 

13. (Previously Amended) The method of claim 11, wherein the second set of 
water layer multiples comprises one or more source side water layer multiples. 

14. (Previously Amended) The method of claim 11, wherein removing the water 
bottom primary comprises replacing each amplitude associated with the water bottom 
primary with zero. 

15. (Previously Amended) The method of claim 11, wherein the plurality of 
seismic data traces is transformed to the tau-p domain using a linear Radon transform. 

16. (Previously Amended) The method of claim 11, wherein the convolutional 
operator is derived from a water layer model. 

17. (Previously Amended) The method of claim 11, wherein the convolutional 
operator is derived from a zero offset two-way travel time in the water layer and 
reflectivity at a water bottom estimated from a water layer model. 

18-20. Cancelled. 

21. (Previously Presented) The method of claim 1, wherein the convolutional 
operator is derived from a water layer model. 

22. (Previously Presented) The method of claim 17, wherein the convolutional 
operator is the estimated value of the water bottom reflectivity shifted in time by the 
estimated value of the travel time in the water layer in the tau-p domain. 

23. (Previously Presented) A method for attenuating water layer multiples from a 
gather of seismic data traces, comprising: 

forming the gather of seismic data traces in a t-x domain; 
transforming the gather of seismic data traces to a tau-p domain; 
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applying a convolutional operator to the gather of seismic data traces to predict a 
plurality of receiver side water layer multiples contained in the gather of seismic data 
traces; 

adaptively subtracting the receiver side water layer multiples from the gather of 
seismic data traces to generate a modified version of the gather of seismic data traces; 

removing a water bottom primary from the modified version of the gather of 
seismic data traces to create a second modified version of the gather of seismic data 
traces; 

applying the convolutional operator to the second modified version of the gather 
of seismic data traces to predict a plurality of source side water layer multiples 
contained in the gather of seismic data traces; 

adding the receiver side water layer multiples to the source side water layer 
multiples; 

transforming the sum of the receiver side water layer multiples and the source 
side water layer multiples from the tau-p domain to a t-x domain; and 

adaptively subtracting the receiver side water layer multiples and the source side 
water layer multiples from the gather of seismic data traces to generate a plurality of 
primaries contained in the gather of seismic data traces. 
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REMARKS 

Applicant files this Second Preliminary Amendment in response to the 
Examiner's Interview conducted between Examiner V. Taylor and Applicant's 
representative Jason C. Huang on July 20, 2004. During the interview, the parties 
agreed to amend claim 5 to depend from independent claim 1 . 



Respectfully submitted, 



V — ./Li^u C 
Jaspn C. Huang 
Registration No. 46,222 
Moser, Patterson & Sheridan, L.L.P. 
3040 Post Oak Blvd. Suite 1500 
Houston, TX 77056 
Telephone: (713)623-4844 
Facsimile: (713)623-4846 
Attorney(s) for Applicant 
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